Bile duct ligation (BDL), a model of hepatic cirrhosis, is associated with dilutional hyponatremia and inappropriate vasopressin release. ΔFosB staining was significantly increased in vasopressin and oxytocin magnocellular neurosecretory cells in the supraoptic nucleus (SON) of BDL rats. We tested the role of SON ΔFosB in fluid retention following BDL by injecting the SON (n = 10) with 400 nl of an adenoassociated virus (AAV) vector expressing ΔJunD (a dominant negative construct for ΔFosB) plus GFP (AAV-GFP-ΔJunD). Controls were either uninjected or injected with an AAV vector expressing only GFP. Three weeks after BDL or sham ligation surgery, rats were individually housed in metabolism cages for 1 week. Average daily water intake was significantly elevated in all BDL rats compared to sham ligated controls.
Introduction
Hyponatremia is the most frequently occurring clinical electrolyte disorder and the cost of treating patients with hyponatremia is estimated to be 1.6 to 3.6 billion dollars per year (3) . It also is associated with negative outcomes in many chronic disease states such as congestive heart failure and hepatic cirrhosis (3, 9, 14, 43, 47) . In cirrhosis, inappropriate release of vasopressin contributes to the accumulation of fluid in the abdominal cavity, or ascites, and dilutional hyponatremia (9, 22, 47, 50) .
The concentration of circulating vasopressin is primarily determined by the activity of magnocellular neurosecretory cells located in the paraventricular (PVN) and supraoptic nuclei (SON) of the hypothalamus that project to the posterior pituitary. The activity of these cells is regulated by plasma osmolality, blood volume, and blood pressure (1, 5, 17, 20, 23) . The increases in circulating vasopressin that occur during cirrhosis are reported to be the result of a functional decrease in effective plasma volume and systemic hypotension (9, 10, 37, 47, 50) . This reduced effective circulating volume is thought to result in non-osmotically mediated vasopressin release (9, 10, 37, 47, 50 ).
The CNS mechanisms that stimulate and maintain vasopressin release during this disorder are not completely understood.
Synaptic activation of vasopressin neurones in the hypothalamus is associated with increased expression of Fos and Fos-related proteins. Fos, the protein product of c-fos, and ΔFosB, a splice product of fosB, are both members of the AP-1 family of transcription factors (17, 18, 25, 40, 42) . The expression of Fos has been used to map regions of the CNS that are activated following acute physiological and supraphysiological stimulation (17) (18) (19) 25) . ΔFosB has a much longer half-life than Fos, resulting in its accumulation with chronic or intermittent stimulation of the CNS (17, 25, 42 ) and has been linked to changes in neuronal morphology, receptor expression, and cell signalling related to depression, drug addiction and other motivated behaviours (24, 38, 42, 45, 54) . AP-1 transcriptional activity has also been shown to play a critical role in the adaptive control of sympathetic outflow during dehydration (16) 
indicating that
ΔFosB and other AP-1 proteins may play similar roles in neural networks that regulate vegetative function.
Therefore, increased expression of ΔFosB in the SON of cirrhotic rats could mediate cellular adaptations which contribute to increased vasopressin release. This hypothesis was tested by using a dominant negative construct cloned into a neurotropic AAV vector (52, 54) to inhibit the transcriptional effects of ΔFosB in SON of rats subjected to chronic bile duct ligation (BDL) and measuring resulting changes in fluid balance.
Methods
Animals. Adult male Sprague-Dawley rats (Charles River, 250-350g) were individually housed and maintained on a 12/12 h light cycle and provided with ad libitum access to food and water. Rats were provided with food containing 0.4% NaCl. All procedures using animals were conducted according to NIH guidelines, and were reviewed and approved by the Institutional Animal Care and Use Committees at UTHSCSA and UNTHSC.
Bile duct ligation surgery. Each rat was anesthetized with isoflurane (2-3%) and its abdomen was shaved and cleaned. A midline abdominal incision was performed and the common bile duct was isolated and cut between two ligatures. Sham ligated rats received the same surgical procedure except the bile duct was not ligated or cut. Each animal was returned to its cage and monitored for 1 week of recovery. Liver/body weight ratio was determined for verification of cirrhosis. Visual inspection of the abdomen to evaluate ascitic fluid in the peritoneal cavity was performed daily after surgery.
ΔFosB Immunohistochemistry. Separate groups of sham ligated (n = 6) and BDL rats (n = 6) were used in immunohistochemistry studies to determine the effects of BDL on ΔFosB staining in the SON. Four weeks after BDL or sham ligation surgery, rats were anesthetized with thiobutabarbital (Inactin, 100 mg/kg ip) and perfused transcardially with 50-100 ml of PBS followed by 300-400 ml of 4% paraformaldehyde in PBS for immunohistochemistry as previously described (29). The descending aorta and vena cava were clamped below the heart with haemostats and each liver was removed and weighed during the perfusion. Forty µm coronal sections containing the SON were processed for FosB (goat anti-FosB(102), sc-48-G Santa Cruz Biotechnology, Santa Cruz, CA; 1:5000) and vasopressin (polyclonal guinea pig anti-(Arg8)-Vasopressin, Peninsula Laboratories, San Carlos, CA; 1:5000) immunohistochemistry. The primary antibody used in this study does not discriminate between ΔFosB and full length FosB, however, it will be referred to as ΔFosB staining in the text since ΔFosB is the only species expressed outside of acute stimulation conditions. After incubation in the anti- of RNase ⁄ DNase-free water, 2µl of each primer, and 12.5µl of iQ SYBR Green Supermix (prod. no. 170-8880; Bio-Rad). PCR reactions were performed in a Bio-Rad iQTM5 iCycler system, with the following cyclic parameters: initial denaturation at 95 ºC for 3 min, followed by 50 cycles of 1.1 min each (40 s at 94ºC, followed by 30 s at 60 ºC for ΔFosB and AVPs and 30s at 95 ºC followed by 1mt at 65 ºC for GAPDH). Notemplate and -RT controls were performed for each analysis. For AVP hnRNA, an additional reaction was also performed in the absence of reverse transcriptase to account for DNA contamination in the sample. The housekeeping gene, GAPDH, was used for normalization of mRNA expression. Melt curves generated were analysed to identify nonspecific products and primer-dimers. The data were analysed by the 2ֿ ΔFosB constructs were generated as previously described (27, 52 ).
Experimental Protocol. There were six separate groups used for metabolism cage studies: uninjected sham ligated (n = 10), uninjected BDL (n = 7), AAV-GFP sham ligated (n = 7); AAV-GFP BDL (n = 8); AAV-GFP-ΔJunD sham (n = 7), and AAV-GFPΔJunD BDL (n = 10). Stereotaxic surgery was performed one week prior to sham ligation or BDL. Two weeks after BDL or sham ligation surgery, the rats were moved into commercially available metabolism cages (Lab Products Inc., Seaford, DE). After one week of habituation, water intake and urine output was measured once per day for seven days. Water intake was measured using calibrated water bottles (Lab Products Inc., Seaford, DE). Urine was collected into 50 ml centrifuge tubes containing 2-3 ml of mineral oil. After the volume was measured, the urine samples were centrifuged and a 1-2 ml aliquot was reserved for determining urine sodium concentrations and daily sodium excretions using a flame photometer (PFP7 flame photometer, Jenway, Burlington, NJ). At the end of the experiment, each rat was anesthetized with Inactin (100 mg/kg ip) and perfused for immunohistochemistry. A 2-3 ml blood sample was taken by cardiac puncture before each perfusion for measuring plasma osmolality, haematocrit, and plasma protein. Plasma osmolality was measured on a vapour pressure osmometer (Wescor Inc., Logan, UT). Two heparinized capillary tubes (Fisher) were filled for measuring haematocrit (Micro-Hematocrit capillary tube reader, Lancer, St. Louis, MO) and plasma protein by refractometry (National Protometer, National Instruments, Baltimore, MD). Each rat's liver was removed and weighed as described above. The brain from each rat was processed for vasopressin immunohistochemistry using a Cy3-conjugated secondary antibody as described above. Sections containing the SON were analysed for GFP and vasopressin staining using epifluorescence microscopy to determine location of the injection sites and transfection of vasopressin SON neurones.
Statistical Analysis: All results are presented as means ± SEM. Data were analysed by one-factor or two-factor ANOVA and Student-Newman-Keuls post hoc analysis (SigmaPlot v. 12, Systat Software Inc., San Jose, CA). P < 0.05 was considered statistically significant. (Figure 3 ). All rats included in the study contained bilateral GFP labelling in the SON. Three rats were excluded from the study due to injection sites that were too dorsal to produce GFP labelling in the SON.
Results

Effects of BDL on
BDL was associated with significant and comparable increases in liver weight to body weight ratio in all three BDL groups compared to sham (Table 2 ). Uninjected and AAV-GFP treated BDL rats had plasma osmolalities and haematocrits that were significantly lower than sham ligated groups. BDL rats injected in the SON with AAV-GFP-ΔJunD had plasma osmolalites that were significantly higher than the other two BDL groups and were not different from the sham ligated groups (Table 2) . Similar results were obtained for haematocrit (Table 2 ). There were no significant differences observed among any of the groups for plasma protein measurements. (Figure 4) . However, the urine volume of BDL rats injected with AAV-GFP-ΔJunD was significantly greater than the other groups ( Figure   4 ). In addition, the average daily urine sodium concentrations of BDL rats injected with AAV-GFP-ΔJunD were significantly lower than all other treatment groups but there were no differences in average daily sodium excretion among the treatment groups ( Figure   5 ). Although there was a trend for decreased food intake in BDL rats injected with AAV-GFP, food intake was not significantly different among the groups (Sham (n = 5) 25. BDL rats drank significantly more water despite lower than normal plasma osmolalities as previously reported (11). Previous studies using a different strain of rats have reported an increase in sodium appetite in BDL rats with no change in water intake and that the increase in sodium intake is independent of the renin-angiotensin system (21, 34) . This suggested that other non-osmotic mechanisms may contribute to increased fluid intake in BDL rats. The increase in water intake that was observed in the present study was not affected by dominant negative inhibition of ΔFosB in the SON.
This result is consistent with the role of the SON in neurohypophysial function and suggests that SON ΔFosB does not contribute to changes in fluid intake associated with BDL. The mechanism responsible for elevated water intake in BDL rats remains to be Circulating oxytocin can contribute to hyponatremia due to its structural similarity to vasopressin and its ability to stimulate renal vasopressin receptors (15, 35) . In a previous study, experimental cirrhosis in the rat was not associated with increased oxytocin gene expression in the hypothalamus, although the study used a different model of cirrhosis (33) . We did not observe a significant increase in the numbers of oxytocin positive neurones following BDL in the current study or a previous publication (41). However we did observe a significant increase in ΔFosB and oxytocin double labelling in the SON of BDL rats. This is consistent with a recent study of hepatic ischemia-reperfusion (7) sham ligated rats injected with the dominant negative construct for ΔFosB (Sham + ΔJunD), uninjected bile duct ligated rats (BDL), and bile duct ligated rats injected the control virus (BDL + GFP) or the dominant negative construct against ΔFosB (BDL + ΔJunD). The number of rats for each group is given in Table 2 . ** is P < 0.05 from all sham groups. # is P < 0.05 from all other groups. , sham ligated rats injected with the dominant negative construct for ΔFosB (Sham + ΔJunD), uninjected bile duct ligated rats (BDL), and bile duct ligated rats injected the control virus (BDL + GFP) or the dominant negative construct against ΔFosB (BDL + ΔJunD). # is P < 0.05 from all other groups. Table 2 : Plasma osmolality, haematocrit, plasma protein and liver weight to body weight ratios in uninjected sham ligated rats (Sham), sham ligated rats injected with the control AAV (Sham + GFP), sham ligated rats injected with the dominant negative construct for ΔFosB (Sham + ΔJunD), uninjected bile duct ligated rats (BDL), and bile duct ligated rats injected the control virus (BDL + GFP) or the dominant negative construct against ΔFosB (BDL + ΔJunD). 
